Placental transfer of lactate, glucose and 2-deoxyglucose was examined employing the in situ perfused placenta. Control [14C]-Lactate to the fetal compartment, could not be accounted for by reduced placental blood flow alone. There was no significant net production or uptake of lactate into the perfusion medium that had perfused the fetal side of the placenta in either group. The plasma lactate levels in the fetuses adjacent to the perfused placenta were found to be higher than in the maternal plasma and significantly higher in the fetuses of the diabetic group compared with control group. In this model the in-situ perfused placenta does not secrete significant quantities of lactate into the fetal compartment in either the control or diabetic group.
INTRODUCTION
Lactate is a three carbon molecule derived Under aerobic conditions lactate levels within tissues are usually low due to its rapid turnover rates. [1] [2] [3] [4] The exception being in normal mammalian pregnancies where lactate concentrations are higher in fetal than in the maternal circulation, in humans, [5, 6] sheep, [7, 8] guinea pigs [9] and rats. [1] The elevated levels of this metabolite in the fetal circulation were shown to originate from the placenta in guinea-pigs using an in vitro placental preparation. [9] This has also been demonstrated in sheep in in-vivo experiments at term, [7, 81 *Corresponding author. 114 C.R. THOMAS et al.
but not at midgestation. [111 This led to the assumption that the elevated fetal plasma lactate levels could be derived from placental anaerobic glycolysis. In diabetic pregnancies fetal plasma lactate concentrations have been reported to be significantly elevated compared with those of non-diabetic pregnancies. [12] Additionally placental glycogen stores are significantly increased [13] compared with those of non-diabetic pregnancies.
Thus the higher fetal lactate concentration in the presence of maternal diabetes may be of placental origin, especially as fetal pO 2 values of the umbilical vessels from diabetic patients were reported to be within the normal range. [12] The aim of these studies was to determine whether circulating maternal glucose could be 
Cannulation of Maternal Vessels
Experimentation procedures carried out on the rats were previously described. [14] Brodie et al. [17] Insulin measurements on maternal and fetal plasma was by an in house radioimmunoassay [18] using an insulin antibody raised in guinea pigs and a rat insulin standard. 2-deoxyglucose-6-phosphate (2DG6P) levels were determined in fetal and placental tissues by the method of Ferre et al. [19] Calculations Maternal (M) to perfusate (P) transfer was calculated as the individual ratios of counts in the perfustae (dpm/ml) to that in the maternal plasma (dpm/ml). The Fig. 1 ). However, when the GMI was calculated fetal uptake of glucose was not significantly different between control and diabetic animals. The calculated GMI for the fetal livers and placentas were significantly increased in diabetic group compared with the controls (Fig. 2) .
DISCUSSION
The main finding in this rat model was that the elevated fetal lactate concentrations observed in control and diabetic animals were not derived from the placenta, as there was no significant uptake or secretion of lactate from or into the perfusion medium. This was a somewhat unexpected finding. In vivo sheep experiments have shown that in mid gestation there is no secretion of lactate by the placenta to the fetal circulation, but at term lactate secretion to the fetus is substantial. [7, 11] In our model we only examined placental lactate production and transfer to the fetal compartment. Aldoretta and Hay [2] have examined lactate production derived from glucose in late gestation in sheep under hypoglycaemic and hyperglycaemic states. Less lactate derived from glucose was secreted into the fetus in the hyperglycaemic than in the hypoglycaemic sheep. This may be due to the higher fetal plasma lactate concentration observed in the hyperglycaemic sheep, since direction of lactate transport is determined by the transmembrane lactate concentration. [21] The lactate concentration in the medium perfusing the fetal side of the placenta in our experiments was 10mmol/1 considerably higher than the maternal concentration. This gradient effect may also account for lactate secretion when placental slices are incubated without added lactate in the incubating medium. [22] The documented presence of very low enzyme activities of the citric-acid-cycle [25] [26] Fetal insulin synthesis would not have been affected by streptozotocin as the drug was administered to the mother prior to the implantation of the conceptus (day 5). Reduced fetal insulin secretion in the diabetic group may, therefore, be a direct result of glucotoxicity, a phenomenon also observed in sheep with chronically elevated maternal plasma glucose levels. [27] The observed increased diabetic placental glucose uptake is in agreement with Thomas and Lowy [28] but differed in magnitude. This may be related to two factors, the rats in this study were only moderately diabetic compared with the previous study, and they were maintained on a diet optimal for breeding which had been enriched in protein (20.5% w/w) compared to the standard diet used in the previous study. 
